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WATER QUALITY STUDIES IN THE SLEEPING BEAR DUNES 
NATIONAL LAKESHORE REG ION 
The lower P l a t t e  R i v e r  System, Michigan 
INTRODUCTION 
The s c e n i c  S l e e p i n g  Bear Sand Dunes a r e a  o f  n o r t h w e s t e r n  
lower Michigan r e c e n t l y  o b t a i n e d  a  N a t i o n a l  Lakeshore c l a s s -  
i f i c a t i o n  from t h e  f e d e r a l  goverment ,  t h e r e b y  opening  new 
p o t e n t i a l  f o r  p r o t e c t i o n ,  development  and main tenance  programs 
a s  c a r r i e d  o u t  by t h e  N a t i o n a l  Pa rk  S e r v i c e .  
B a s e l i n e  w a t e r  q u a l i t y  d a t a ,  however,  i s  p r e s e n t l y  l a c k i n g  
f o r  most of  t h e  a q u a t i c  r e s o u r c e s  l y i n g  w i t h i n  t h e  b o u n d a r i e s  
o f  t h e  new S l e e p i n g  Bear Dunes N a t i o n a l  Lakeshore .  To 
e f f e c t i v e l y  a s s e s s  t h e  impact  t h a t  f u t u r e  development  w i l l  
have on e x i s t i n g  w a t e r  q u a l i t y  i n  t h i s  a r e a ,  i t  i s  c r i t i c a l  
t o  f i r s t  have a  c o l l e c t i o n  o f  b a s i c  w a t e r  q u a l i t y  d a t a .  Such 
b a s e l i n e  d a t a  shou ld  i n c l u d e  i n f o r m a t i o n  on t h e  p h y s i c a l ,  
c h e m i c a l ,  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  l a k e s  and 
s t r e a m s  ; t h e i r  s e n s i t i v i t y  t o  a d v e r s e  changes  by  human impact ; 
and knowledge of wa te r shed  f e a t u r e s ,  i n c l u d i n g  t h e  geo-  
g r a p h i c a l ,  e c o l o g i c a l ,  and s o c i o l o g i c a l  f a c t o r s  t h a t  may 
have a  b e a r i n g  on l a k e  main tenance  and management. T h i s  
i s  e s s e n t i a l  knowledge f o r  n a t u r a l  r e s o u r c e  managers who 
w i l l  be p l a n n i n g  f o r  t h e  w i s e  u s e  and development o f  t h e s e  
p a r k l a n d  a q u a t i c  r e s o u r c e s .  
T h e r e f o r e ,  t h e  o b j e c t i v e s  of  t h i s  i n v e s t i g a t i o n  a s  
u n d e r t a k e n  by U n i v e r s i t y  o f  Michigan r e s e a r c h e r s  were t o  
1 )  p r o v i d e  b a s e l i n e  l i m n o l o g i c a l  d a t a  on t h e  a q u a t i c  r e s o u r c e s  
of t h e  Lower P l a t t e  R i v e r  r e g i o n  from P l a t t e  Lake t o  t h e  r i v e r  
mouth a t  Lake Mich igan ;  and t o  2 )  r e spond  t o  a  r e q u e s t  from 
t h e  N a t i o n a l  Pa rk  S e r v i c e  t o  c r i t i q u e  t h e i r  Mas te r  P l a n  
f o r  managment o f  t h e  S l e e p i n g  Bear  Dunes r e g i o n  based  upon 
o u r  a c c r u e d  knowledge o f  t h e  s e n s i t i v i t y  o f  t h e  p a r k l a n d ' s  
a q u a t i c  r e s o u r c e s .  
DESCRIPTION - OF STUDY AREA 
The P l a t t e  R i v e r  wa te r shed  encompasses an a r e a  of  
2 465.2 km2 (179.6 m i  ) .  The w a t e r s h e d  a r e a  w i t h i n  t h e  p a r k  
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boundary i s  o n l y  32 .6  km2 (12 .6  m i  ) . Consequen t ly ,  i t  i s  
i m p o r t a n t  t o  n o t e  t h a t  o n l y  seven  p e r c e n t  of  t h e  P l a t t e  
R i v e r  w a t e r s h e d  l i e s  w i t h i n  l a n d s  under  d i r e c t  c o n t r o l  of  
t h e  N a t i o n a l  Pa rk  S e r v i c e  ( F i g .  1 ) .  Some o f  t h e  headwate r s  
of  t h e  P l a t t e  R ive r  a r e  l o c a t e d  i n  Grand T r a v e r s e  and 
Leelanau  C o u n t i e s ,  b u t  Benzie  County c o n t a i n s  a l l  o f  t h e  
main s t r e a m  and i t s  major  t r i b u t a r i e s .  The o u t l e t  of  Lake 
Ann forms t h e  main b r a n c h ,  which from Lake Ann t o  Lake 
Michigan i s  40 km ( 2 5  mi) l o n g ,  i n c l u d i n g  e n t r y - t o - e x i t  
d i s t a n c e s  a c r o s s  Bronson, p l a t t e l ,  and ~ o o n '  Lakes .  The 
p r i n c i p a l  t r i b u t a r i e s  a r e  t h e  North Branch o f  t h e  P l a t t e  
R i v e r ,  C a r t e r  Creek ,  and Brundage Creek .  Brown (1944) 
e s t i m a t e d  t h a t  48 .3  km (30 mi) o f  t r i b u t a r i e s  empty i n t o  
t h e  main b r a n c h .  T h e r e f o r e ,  t h e  P l a t t e  R i v e r  sys tem c o n t a i n s  
97 km (60 mi) o f  s t r e a m s  and r i v e r s  o f  which o n l y  abou t  8 km 
(5  mi) l i e  w i t h i n  t h e  N a t i o n a l  Lakeshore  boundary.  The main 
b ranch  i s  6 . 1  t o  27.4 m (20 t o  90 f t )  wide .  U s u a l l y ,  a  r i v e r  
g r a d u a l l y  broadens  toward i t s  lower r e a c h e s ,  b u t  P l a t t e  R ive r  
' p l a t t e  Lake i s  r e f e r r e d  t o  a s  "Big P l a t t e  Lake" on some maps. 
' ~ o o n  Lake i s  a l s o  known a s  "Round Lake" on o l d e r  maps. 

i s  abou t  a s  wide and s h a l l o w  i n  some p l a c e s  n e a r  Lake Ann 
a s  i t  is n e a r  i t s  mouth. 
The lower P l a t t e  R i v e r ~ e g i o n  has  a  v a r i e t y  o f  r o l l i n g  
topography due t o  t h e  h i s t o r y  of  g l a c i a t i o n  i n  t h e  a r e a  
( F i g .  2 ) .  The b a s i c  g e o l o g i c a l  f e a t u r e s  of  t h e  P l a t t e  R ive r  
wa te r shed  c o n s i s t  o f  a )outwash  and g l a c i a l  c h a n n e l s ,  b)  r o l l i n g  
and h i g h  mora ines , and  c )  l a k e s  and o l d  l a k e  b e d s ,  which 
occur  around t h e  lower t h i r d  of  t h e  r i v e r ' s  c o u r s e  (Mar t in  1 9 5 5 ) .  
The d r a i n a g e  b a s i n  and a d j a c e n t  a r e a s  have a  h i g h l y  i n t e r e s t i n g  
g e o l o g i c a l  h i s t o r y .  I n  f a c t ,  i t s  d i s t i n c t i v e  phys iography 
and s c e n i c  q u a l i t y  s e r v e  a s  pr ime v i s i t o r  a t t r a c t i o n s  t o  
t h i s  r e g i o n .  The P o i n t e  B e t s i e  and Empire moraines which 
b o r d e r  t h e  lower p o r t i o n  of  t h e  P l a t t e  R ive r  v a l l e y  a r e  
o u t s t a n d i n g  f o r m a t i o n s ,  a s  i s  t h e  S l e e p i n g  Bear Sand Dune. 
Sand dunes and o t h e r  f o r m a t i o n s  such a s  t h e s e  w i t h i n  t h i s  
g l a c i a l  d e p r e s s i o n  were formed d u r i n g  t h e  Lake N i p i s s i n g  
s t a g e ,  4000 y e a r s  ago .  The b e s t  beaches  were developed i n  
t h e  Algoma g l a c i a l  s t a g e ,  3000 y e a r s  ago (Dorr and Eschman 
1970) .  The p o s t - g l a c i a l  l a k e s  t h a t  a t  v a r i o u s  t imes  occup ied  
t h e  b a s i n  of Lake Michigan i n f l u e n c e d  g r e a t l y  t h e  s h o r e l i n e  
and i n l a n d  d e p r e s s i o n  f o r m a t i o n s  found i n  t h i s  a r e a ,  
The P l a t t e  Lake g l a c i a l  d e p r e s s i o n  c o n t a i n s  n i n e  l a k e s  
( F i g ,  2 ) .  S i x  of  t h e  l a k e s  ( L i t t l e  P l a t t e ,  P l a t t e ,  Loon, 
Mud, Long,and Rush Lakes) a r e  d r a i n e d  d i r e c t l y  o r  i n d i r e c t l y  
by t h e  P l a t t e  R i v e r ,  and t h r e e  (Deer ,  Bass ,  and O t t e r  Lakes)  
a r e  d r a i n e d  by O t t e r  Creek ( F i g .  1 and 2 ) .  The P l a t t e  
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River enters the Platte Lake glacial depression at Honor and 
flows northwestward into Platte Lake. About 1.3 km (0.8 mi) 
northwest of its outlet from Pla- Lake, the river is joined 
by a small creek which is the outlet of Vud Lake. Then Platte 
River turns abruptly and flows south for nearly 0.8 km (0.5 mi) 
before entering crescent-shaped Loon Lake. The river's 
Loon Lake outlet is at the northernmost extension of the lake, 
and from there the Platte River continues its northerly 
course to Lake Michigan, a distance of nearly 3.2 km (2 mi). 
Crystal Lake is not within the Platte Lake qlacial depression, 
but lies in another glacial depression directly south of it 
(Fig. 2). 
Platte, Loon, and Mud Lakes were the focus of our in- 
vestigation. Platte Lake (Fig. 3) is a large water body, 
1,018 ha (2,516 a) with a maximum depth of 27.4 m (90 ft). 
The lake itself is outside the National Lakeshore boundary, 
but because of its large size and its location on the Platte 
River, an investigation of its limnological characteristics 
was considered important. 
Loon Lake (Fig. 4) is located downstream, in close 
proximity to Mud Lake and within the National Lakeshore 
boundaries (Fig. 1). It is a small, deep lake 38.4 ha ( 9 5  a) 
in surface area with a maximum depth of 20.1 m (66 ft). 
Similar to Platte Lake, it lies directly on the course of 
the Platte River. 


Mud Lake i s  a l s o  w i t h i n  t h e  N a t i o n a l  Lakeshore  b o u n d a r i e  
and i s  l o c a t e d  between P l a t t e  and Loon Lakes.  I t  d r a i n s  
i n t o  t h e  P l a t t e  R i v e r  by way o f  a  s m a l l ,  s l u g g i s h  s t r e a m  
known a s  Mud Creek ( F i g .  1 ) .  Mud Lake has  n o t  been mapped 
a n d ,  c o n s e q u e n t l y ,  most morphometr ic  d a t a  i s  u n a v a i l a b l e .  
I t  i s  s m a l l  and s h a l l o w ,  c o n s i s t i n g  o f  23.9 ha (59 a )  w i t h  
a  maximum d e p t h  o f  o n l y  abou t  0 . 6  m ( 2  f t )  . 
The bot tom sed imen t s  o f  P l a t t e  and Loon Lakes r a n g e  
from sand and f i n e  g r a v e l s  n e a r  s h o r e  t o  s o f t ,  f l o c c u l e n t  
s i l t  i n  t h e  d e e p e s t  w a t e r s .  Mud Lake i s  a p t l y  named w i t h  
s o f t ,  f l o c c u l e n t ,  s i l t y  muds and p a r t i a l l y  decomposed p l a n t  
f r a g m e n t s  o c c u r r i n g  from s h o r e  t o  s h o r e .  The bot tom sediment  
o f  t h e  P l a t t e  R i v e r  a r e  p r e d o m i n a t e l y  g r a v e l ,  fo l lowed  by 
s a n d ,  s i l t ,  and m i x t u r e s  of  t h e s e  t y p e s .  There  a r e  some 
p a t c h e s  of  c l a y  and o t h e r s  o f  r u b b l e  i n  s c a t t e r e d  l o c a t i o n s  
(Taube 1 9 7 4 ) .  
  he s u p e r f i c i a l  s o i l s  of  t h e  lower P l a t t e  R ive r  w a t e r -  
shed  a r e  dominated by sand and g r a v e l  a lmost  t o  t h e  e x c l u s i o n  
o f  o t h e r  s o i l s .  I n  g e n e r a l ,  t h e r e  a r e  g r a v e l s  i n  t h e  moraina 
f e a t u r e s ,  and sand e l s e w h e r e .  Veach (1953) d e s c r i b e s  t h e  
sands  o f  t h i s  r e g i o n  a s  poor  t o  medium i n  q u a l i t y  f o r  
a g r i c u l t u r e .  
For  t h e  most p a r t ,  t r e e s  and s h r u b s  c o v e r  t h e  banks 
of  t h e  P l a t t e  R i v e r  and i t s  t r i b u t a r i e s .  I n  some p l a c e s  t h e  
r i v e r  v a l l e y  a s  w e l l  a s  a d j o i n i n g  up lands  a r e  c o m p l e t e l y  
f o r e s t e d .  Predominant  t r e e  and sh rub  s p e c i e s  d i f f e r  a long  
t h e  v a r i o u s  wa te r shed  r e g i o n s  a s  f o l l o w s :  
Lake Ann t o  Honor ---- P r i m a r i l y  a s p e n ,  fo l lowed  by 
w h i t e  c e d a r ,  hemlock, ye l low 
b i r c h ,  maple ,  e lm,  w i l l o w ,  and 
t a g  a l d e r .  
Honor t o  P l a t t e  Lake -- P r i m a r i l y  t amarack ,  fo l lowed  by 
w h i t e  c e d a r ,  hemlock, and t a g  a l d e r .  
Highway V - 2 2  t o  t h e  mouth of  t h e  P l a t t e  R ive r  P r i m a r i l y  ----- 
tamarack,=~- w h i t e  p i n e ,  
r e d  p i n e ,  w h i t e  c e d a r ,  and hemlock 
w i t h  t a g  a l d e r  b o r d e r i n g  t h e  banks 
(Taube 1 9 7 4 ) .  
V e g e t a t i o n  i n  t h e  Yud Lake a r e a  c o n s i s t s  m o s t l y  of  swampy 
lowland v e g e t a t i o n  and wooded f r o n t a g e  a l o n g  i t s  s o u t h e r n  
b o r d e r  t h a t  ex tends  t o  Loon Lake and a  p o r t i o n  o f  P l a t t e  
R i v e r .  T h i s  l o c a l i t y  has  been r e g a r d e d  by t h e  Michigan 
N a t u r a l  Areas Counc i l  (1970) a s  one of  t h e  b e s t  remain ing  
s t r e t c h e s  o f  n a t i v e  u n d i s t u r b e d  swamp v e g e t a t i o n .  
E x t e n s i v e  tamarack bogs b o r d e r  t h e  w e s t e r n  s h o r e  o f  
Loon Lake w i t h  a  r i d g e  and swale  complex f a r t h e r  w e s t .  
Wind-blown sands  predominate  n e a r  t h e  mouth of  t h e  P l a t t e  
R ive r  a s  i t  e n c i r c l e s  sandy P l a t t e  P o i n t  b e f o r e  emptying i n t o  
Lake Michigan.  
Along most w a t e r  c o u r s e s  i n  t h e  lower P l a t t e  R i v e r  
r e g i o n  second-home development i s  p r e v a l e n t .  The s h o r e l i n e  
o f  P l a t t e  Lake i s  e x t e n s i v e l y  d o t t e d  w i t h  372 d w e l l i n g  u n i t s ,  
m o s t l y  a l o n g  t h e  n o r t h e a s t e r n  and s o u t h e r n  s h o r e s .  Cabins 
and c o t t a g e s  l i n e  t h e  P l a t t e  R i v e r  from P l a t t e  Lake t o  t h e  
M - 2 2  highway b r i d ~ e .  Benz ie  S t a t e  Pa rk  campground and a  
p r i v a t e  campground a r e  l o c a t e d  i n  t h e  a r e a  o f  t h e  b r i d g e .  
Also  a t  t h i s  p o i n t  a r e  t h r e e  l i v e r y s  f o r  r e n t i n g  canoes  
f o r  t r i p s  downstream t o  t h e  P l a t t e  R ive r  mouth. The r i v e r  
bank ,  f rom t h e  b r i d g e  t o  Loon Lake, i s  d o t t e d  w i t h  c o t t a g e s  
and b o a t h o u s e s .  Mud Creek and Mud Lake a r e  f r e e  o f  d e v e l o p -  
ment w i t h  t h e  e x c e p t i o n  o f  one house  t r a i l e r  on t h e  e a s t e r n  
s h o r e  o f  t h e  l a k e .  Loon Lake h a s  s i x t e e n  d w e l l i n g  u n i t s  on 
t h e  e a s t  s h o r e  and t h r e e  on t h e  wes t  s h o r e ,  From Loon Lake 
t o  t h e  r i v e r  mouth t h e r e  a r e  a l s o  c o t t a g e s  a l o n g  t h e  banks ,  
b u t  n o t  a s  e x t e n s i v e  a s  i n  o t h e r  ups t ream l o c a t i o n s .  About 
1 . 6  km ( 1  mi) from t h e  mouth, t h e r e  e x i s t s  a  Michigan 
Department  o f  N a t u r a l  Resources  h a r v e s t  w e i r  which h a s  been  
u t i l i z e d  t o  h a r v e s t  sa lmonid  f i s h  coming ups t r eam t o  spawn 
s i n c e  1 9 6 8 .  
Lake Township Pa rk  i s  l o c a t e d  a t  t h e  P l a t t e  R i v e r  mouth. 
T h i s  a r e a  h a s  been  e x t r e m e l y  p o p u l a r  f o r  f i s h i n g  and o t h e r  
r e c r e a t i o n a l  a c t i v i t i e s .  I t  i s  h e a v i l y  used  a s  a  b o a t  
l a u n c h i n g  and canoe  t a k e - o u t  p o i n t .  There  was a  r e s t a u r a n t  
and hamburger s t a n d  i n  t h e  p a r k ,  however t h e y  were r e c e n t l y  
c l o s e d  by t h e  N a t i o n a l  Pa rk  S e r v i c e  a s  p a r t  o f  t h e  t r a n s i t i o n  
of  t h e  a r e a  from p r i v a t e  ownership  t o  N a t i o n a l  Lakeshore.  
METHODS 
Water samples were obtained at eight stations on the 
Lower Platte River during November, 1973 and May, 1974 
(Fig. 5). Surface samples were obtained at all river stations 
and in Mud Lake. A series of samples were collected at specific 
depth intervals at deep central stations in Platte and Loon 
Lakes. 
A three liter capacity Kemmerer water bottle was used to 
collect the water samples. Samples from each station were 
placed in 300 ml B.O.D. bottles, pre-washed 8 oz. polyethylene 
bottles, and ground glass stoppered bottles for later chemical 
analyses. All bottles were kept covered, away from light, 
and iced down when warranted. 
Temperature profiles were recorded at one meter intervals 
at the central lake stations using a Il'hitney resistance 
thermometer. Light penetration readings were also recorded 
at the lake stations (except Mud Lake) with a submarine 
photometer. At all stations secchi disc transparency 
measurements were recorded. 
Water chemistry for dissolved oxygen, alkalinity, and 
pH parameters were analyzed in the field. The dissolved 
oxygen determination was carried out titriometrically using 
the Azide Modification of the Iodometric Method (APHA, 1971. 
Method 218B, p. 477). Total alkalinity was also determined 

titriometrically using bromocresol green-methyl red mixed 
indicator solution (APHA 1971. Method 102, p. 52). Field 
testing of pH was done with a portable Beckman model N pH 
meter. The remaining chemical parameters were measured 
in the water chemistry laboratory at the University of 
Vichigan Biological Station. Chloride was measured poten- 
tiometrically with a Beckman model H-5 expanded scale pH 
meter, fitted with a salt bridge and a chloride select - ion 
electrode (APHA, 1971. Method 203b, D. 377). Total 
phosphorus and soluble-reactive phosphorus were determined 
colorimetrically on a Beckman DB-GT Spectrophotometer 
using a hybrid method of Gales, -- et al. (1966) for digestion 
. . 
and Schmid and Ambuhl (1965) for neutralization and color 
development. Magnesium, sodium, calcium and potassium were 
determined by atomic absorption spectrophotometry on a 
Perkin-Elmer Yodel 305 Atomic Ahsorption Spectrophotometer 
(EPA 1971. pp. 102, 112, 115, 118 respectively). Nitrate- 
nitrogen was determined colorimetrically on the Reckman 
.. 
DB-GT Spectrophotometer (Muller and Widemann 1955). Ammonia- 
nitrogen was also determined on the Beckman DB-GT Spectro- 
photometer (~ol6rzano 1969). Silica was determined color- 
imetrically on a Beckman DB-GT Spectrophotometer using the 
Heteropole Blue Method (APHA 1971. Method 151, p. 306). 
Plankton tows were collected at all lake stations. 
A bottom to surface vertical tow using a No. 20 mesh, 
1/4 m diameter cylinder-cone plankton net was used at central 
15 
s t a t i o n s  on P l a t t e  and Loon Lakes.  In  t h e  s h a l l o w  
w a t e r s  o f  Vud Lake, a  h o r i z o n t a l  p l a n k t o n  tow approx imate ly  
6  m (60 f t )  l o n g  was u s e d .  I n  a d d i t i o n ,  a  v e r t i c a l  tow 
sample was t a k e n  a t  a  p o i n t  n e a r  S t a t i o n  7 on t h e  P l a t t e  
R i v e r .  The zooplankton samples were p r e s e r v e d  i n  5% b u f f e r e d  
f o r m a l i n  f o r  l a t e r  a n a l y s i s  i n  t h e  l a b o r a t o r y .  
Water samples were c o l l e c t e d  a t  a l l  s t a t i o n s  t o  t e s t  
f o r  c h l o r o p h y l l  a .  Samples were e x t r a c t e d  w i t h  90 p e r c e n t  - 
a c e t o n e  i n  t h e  f i e l d ,  s e a l e d  w i t h  p a r a f i l m ,  covered  w i t h  
f o i l  and p l a c e d  i n  an  i c e  c h e s t  f o r  l a t e r  d e t e r m i n a t i o n  on 
a  Turnel  Model I 1 1  Fluorometer  ( S t r i c k l a n d  and Par sons  
1968;  p .  201).  
WATER QUALITY INVESTIGATIONS 
Platte River 
Chemical data obtained in both November, 1973 and May, 
1974 generally indicated that water quality on the lower 
Platte River is good (Tables 1 and 2). Dissolved oxygen 
was near saturation on both dates, indicating that the 
stream is in a healthy condition. Water throughout the 
study area was somewhat basic (pH 8.2 - 8.6) and moderately 
hard (total alkalinity 128-164 mg/R ) .  Ionic constituents 
were moderately low and generally did not reveal signs 
of overt pollution (Tables 1 and 2). 
An increase in ionic constituents is often noted in a 
river from its head waters to its mouth. However, such a 
trend was not observed in the lower Platte River system. 
Nutrient loading from the village of Honor and/or from the 
fish hatchery near Honor is possibly indicated by the high 
nitrogen and phosphorus values at Station 1 above Platte Lake 
(Tables 1 and 2). Platte Lake acts as a nutrient sink where 
high concentrations of nitrogen and phosphorus are diluted in 
the large volume of lake water. They become incorporated into 
biological systems and are involved in biogeochemical cycling 
within the lacustrine ecosystem. Loon Lake, further downstream, 
probably functions similarly as a nutrient sink. Consequently, 
the presence of lakes along the course of the river prevents a 
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ON THE LOWER p L A T T E  R I V E R  SYSTEWS n U R I N G  4OVEPSER 1 9 7 3  
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gradual accumulation of ionic constituents as the river 
flows downstream. 
Chlorophyll - a, a measure of phytoplankton standing 
crop, was moderately low throughout the study area (Tables 
1 and 2). Highest concentrations were observed on both 
dates at Station 7 below Benzie State Park. Nutrient run-off 
and leaching from the bank area and the public access site 
downstream from the park may be enhancing phytoplankton 
productivity in this region. However, more data would be 
needed before any definite conclusion could be drawn. 
3 Water current speeds (3.3 m /sec - 115 cfs) are generally 
too fast in the lower Platte River to allow euplanktonic 
organisms to exist. Considerable wash-out of phytoplankters 
and zooplankters can be expected atthe outlets of Platte 
and Loon Lakes. Although these tychoplankters may not be 
able to grow and reproduce in the turbulent waters of the 
river, they nevertheless wash downstream in considerable 
numbers, where they provide food for benthic macroinverte- 
brates and young fish. The zooplankton sample taken at 
Station 7 on the Platte River in May contained most species 
of rotifers and microcrustaceans found in abundance in the 
plankton of Loon and Platte Lakes (Table 3). Such washout 
of plankton can be significant in enhancing productivity 
of benthos and fish in the river downstream from these 
lakes. 
The Platte River has been studied to a certain extent 
in relation to benthic macroinvertebrates by Hildebrand (1971) 
TABLE 3 ZOOPLANKTON OF T H E  LOWER P L A T T  R I V E R  SYSTEM I N  
NOVEMBER (N),  1973,  AND MAY ( M  5 , 1974.  
R E L A T I V E  ABUNDANCE OF EACH TAXON I S  D E S I G N A T E D  B Y  
T H E  FOLLOWING SYMBOLS: 
* - ABUNDANT 
+ - COMMON X - PRESENT R - RARE 
LOWER 
P L A T T E  LOON MUD P L A T T E  
S T A T  I ON I AKF l AKF l AKF R I V F R  
ROT I FERA 
AspZanchna p r i o d o n t a  
CoZZotheca  m u t a b i l i s  
C o n o c h i l u s  u n i c o r n i s  
FiZinl 'a  l o n g i s e t a  
G a s t r o p u s  s t y l i f e r  
K e Z l i c o t t i a  Z o n g i s p i n a  
Kera teZZa  c o c h l e a r i s  
K e r a t e l l a  c r a 6 s a  
K e r a t e  ZZa e a r l i n a e  
K e r a t e  Z l a  q u a d r a t a  
NothoZca Z a b i s  
P o l y a r t h r a  d o Z i c h o p t e r a  
P o l y a r t h r a  m a j o r  
P o l y a r t h r a  rumata  
P o l y a r t h r a  u u Z g a r i s  
S y n c h a e t a  p e c t i n a t a  
S y n c h a e t a  s t y l a t a  
COPEPODA 
Calanoida 
Diaptomus  o r e g o n e n s i s  X X 
Diaptomus  a s h t a n d i  X 
Diaptomus  r e i g h a r d i  + 
Diaptomus  s p p .  immature  X + 
E p i s c h u r a  l a c u s t r i s  + X X  X 
Cyclopoida 
C y c l o p s  b i c u s p i d a t u s  t h o m a s i  X X X +  X 
C y c l o p s  v e r n a l i s  X t X X  X 
Me80cycZop8 e d a x  x 
(continued) 
Thirty-six taxonomic groups of aquatic invertebrates were 
found. The observation of Trichoptera and Ephemeroptera 
indicates good water quality. Chironomidae and Oligochaeta 
having a wide range of tolerances were also encountered. 
Overall, the aquatic invertebrate list indicates that water 
quality in the river is generally good, with no overt problems 
existing. 
The Platte River and Platte Bay areas feature excellent 
fishing resources. In fact, fishing in the river has always 
been excellent, with many species being encountered (Table 4), 
Since the yearly planting of Coho and King salmon began in 
1966 and 1971 respectively, the Platte Bay has also emerged 
as a prime area. Both the Platte River and the Platte Bay 
presently receive heavy fishing pressure. Field estimates 
by Department of Natural Resources personnel set weekend 
use of-the Platte Bay launch site at 900 craft a day, with 
200 launching per week day during the month of September, 
1967 (Department of Natural Resources, 1973). Such recreation 
carried out in these great numbers is and will be putting 
great pressure on facilities in the Platte River mouth area. 
Platte and Loon Lakes --
Since Platte and Loon Lakes are located in close 
proximity to one another on the same river, it seems warranted 
to discuss them together. 
TARLE 11 F I S M E S  COLLECTED I N  T H E  P L A T T E  R I V E R  DI!RING 
1 9 6 7 - 1 9 7 2  W I T H  GENERAL  ASSESSMENTS OF ABUNDANCE,  
(from T a u b e ,  1 9 7 4 )  
KEY  TO SYMSOLS FOR ABUNDANCE: 
N - NUMEROUS 
C - COMMON 
F - FEW 
R - RARE 
X - ABUNDANCE NOT E S T A B L I S H E D  
S P F C I  F S  A R U N D N C F  
BROWN TROUT 
RA INBOW TROUT 
BROOK TROUT 
COHO SALMON 
C H I N O O K  SALMON 
CHESTNUT LAMPREY 
S E A  LAMPREY 
C I sco 
R A I  NROW S K E L T  
C E N T R A L  MUDMINNOW 
NORTHERN P I  K E  
CARP 
CREEK CHUB 
















S P E C I E S  ASUNnANCE 
ROSYFACE S H I N E R  
COMMON S H I N E R  
BLUNTNOSE M!NNOW 
W H I T E  SUCKER 
B U L L H E A D  SPP. 
BROOK S T I C K L E E A C K  
SMALLMQUTH B A S S  
LARGEMOUTH B A S S  
P U M P K I N S E E D  
RLUEG I LL 
ROCK P A S S  
YELLOW PERCH 
LOGPERCH 
MOTTLED S C U L P I N  
F 











F -C  
C-N 
Although P l a t t e  Lake i s  26 t imes  l a r g e r  t h a n  Loon 
Lake i n  s u r f a c e  a r e a ,  t h e  two l a k e s  s h a r e  many s i m i l a r  
morphometr ic  f e a t u r e s  (Tab le  5 ) .  Both l a k e s  a r e  modera te ly  
deep i n l a n d  l a k e s .  P l a t t e  Lake i s  d e e p e r  (maximum dep th  
2 7 . 4  m/90 f t )  t h a n  Loon Lake (20 m/66 f t ) ,  b u t  t h e i r  mean 
d e p t h s  a r e  n e a r l y  i d e n t i c a l  (8 .4  m / 2 7 . 5  f t  and 9 . 0  m/29.5 f t  
r e s p e c t i v e l y ) .  Both l a k e s  l a c k  prominent  b a y s ,  p o i n t s ,  
and o t h e r  s h o r e l i n e  p r o j e c t i o n s  and t h e r e f o r e  have low v a l u e s  
f o r  t h e  s h o r e l i n e  development  f a c t o r  (1.29 and 1 . 3 2  r e s p e c t i v  
I n  g e n e r a l ,  l a k e s  w i t h  h i g h e r  s h o r e l i n e  development f a c t o r s  
have  g r e a t e r  p o t e n t i a l  f o r  o v e r - u s e  by humans because  
t h e y  have l o n g e r  s h o r e l i n e s  r e l a t i v e  t o  t h e  s u r f a c e  a r e a  
of  t h e  l a k e s .  A l s o ,  l a k e s  w i t h  l a r g e r  s h o r e l i n e  development 
f a c t o r s  a r e  n a t u r a l l y  more p r o d u c t i v e  due t o  t h e  p r e s e n c e  
o f  s h a l l o w ,  p r o t e c t e d  embayments. 
The f l u s h i n g  r a t e  o r  w a t e r  r enewa l  t ime  f o r  a  l a k e  i s  
an i m p o r t a n t  p a r a m e t e r  i n  d e t e r m i n i n g  t h e  s e n s i t i v i t y  o f  a  
l a k e  t o  change by human impac t .  The amount of  t ime  i t  t a k e s  
t o  f l u s h  o u t  t h e  e x i s t i n g  volume of  l a k e  w a t e r  and r e p l a c e  
i t  w i t h  i n - f l o w i n g  w a t e r  i s  known a s  t h e  f l u s h i n g  r a t e .  
Lakes w i t h  f a s t  f l u s h i n g  t i m e s  ( r a p i d l y  f l o w i n g  i n f l u e n t  and 
e f f l u e n t  s t r e a m s )  can  u s u a l l y  m a i n t a i n  h i g h e r  w a t e r  q u a l i t y  
c o n d i t i o n s  i n  t h e  f a c e  of  a d v e r s e  human impact  t h a n  can  l a k e s  
w i t h  s low f l u s h i n g  t i m e s .  A rough c a l c u l a t i o n  of  t h e  
f l u s h i n g  r a t e  f o r  a  l a k e  can  be  made by d i v i d i n g  t h e  l a k e  
volume by t h e  f l o w  r a t e  a t  t h e  o u t l e t s .  Usingflow d a t a  
TABLE 5 MORPHOMETRIC DATA FOR PLATTE AND LOON LAKES 
B E N Z I E  COUNTY, M I C H I G A N  
PARAMETER w 
Maximum depth 90 ft (27.4 m) 
Mean depth 27.5 ft (8.4 m) 
Maximum length 8,950 ft (2,728 m) 
Mean width 6,416 ft (1,946 m) 
Surface area 2,516 a (1,019 ha) 
Volume 6 3 3 0 . 0 0 x l 0 ~ f t ~  (85.00~10 m ) 
Shoreline length 48,025 ft (14,638 m) 
Volume development factor 0.92 
Shoreline development factor 1.29 
from Taube (1974) f o r  t h e  P l a t t e  R ive r  below P l a t t e  and 
Loon Lakes ,  we o b t a i n e d  f l u s h i n g  t i m e s  of  302 days  f o r  P l a t t e  
Lake, and 1 2  days  f o r  Loon Lake. These a r e  r e l a t i v e l y  r a p i d  
f l u s h i n g  t i m e s ,  a s  such  c a l c u l a t i o n s  would b e  e x p r e s s e d  i n  ye; 
f o r  many i n l a n d  l a k e s  i n  Michigan.  A s  f u r t h e r  means f o r  
compar i son ,  t h e  f l u s h i n g  r a t e  of l a k e s  E r i e  and Michigan 
have been  e s t i m a t e d  a s  3  and 100 y e a r s ,  r e s p e c t i v e l y .  The 
r a p i d  f l u s h i n g  t i m e s  f o r  P l a t t e  and Loon Lakes may be a  
most i m p o r t a n t  f a c t o r  i n  m a i n t a i n i n g  good w a t e r  q u a l i t y  
c o n d i t i o n s  i n  t h e s e  l a k e s  i n  s p i t e  of  n u t r i e n t  l o a d i n g  
from ups t r eam a r e a s  and heavy c o t t a g e  development on t h e  
P l a t t e  Lake. 
During t h e  November, 1973 sampl ing  p e r i o d ,  b o t h  l a k e s  
were i n  t h e  f a l l  o v e r t u r n  p e r i o d  of  t h e i r  annua l  t h e r m a l  
c y c l e  w i t h  t e m p e r a t u r e s  u n i f o r m l y  c o l d  th roughou t  t h e  w a t e r  
column ( F i g .  6 ) .  L i g h t  t r a n s p a r e n c y  was modera te ly  good 
w i t h  s e c c h i  d i s c  d e p t h s  of  3 . 5  m (11 .5  f t )  and 4 .0  m (13 .1  f t '  
r e c o r d e d  f o r  P l a t t e  and Loon Lakes ,  r e s p e c t i v e l y .  The l i g h t  
compensa t ion  d e p t h  o r  d e p t h  of  one p e r c e n t  l i g h t  t ransmi t tanc i  
u s u a l l y  d e f i n e s  t h e  l i m i t s  o f  p l a n t  growth i n  l a k e s .  The 
zone of  a c t i v e  p h o t o s y n t h e s i s  i n  P l a t t e  and Loon Lakes ex -  
t ended  from t h e  s u r f a c e  t o  t h e  c o n p e n s a t i o n  d e p t h  of  7 m 
(23 f t )  and 8 m (26 .3  f t ) ,  r e s p e c t i v e l y .  
Both P l a t t e  and Loon Lakes were i n  t h e  e a r l y  s t a g e s  of  
t h e r m a l  s t r a t i f i c a t i o n  d u r i n g  t h e  May, 1974 sampl ing  p e r i o d  
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SECCHI DISC I 
TRANSPARENCY 
F i g .  6 .  Temperature p r o f i l e s  and s e c c h i  d i s c  t r a n s p a r e n c y  f o r  
P l a t t e  and Loon Lakes d u r i n g  November, 1973 and May, 1974. 
was s i m i l a r  i n  b o t h  l a k e s  t o  t h a t  i n  November, 1973. The 
zone of  a c t i v e  p h o t o s y n t h e s i s  was t o  10 m (32 .8  f t )  i n  
P l a t t e  Lake and t o  7 m (23 f t )  i n  Loon Lake d u r i n g  May, 1974. 
Chemical d a t a  o b t a i n e d  i n  b o t h  November, 1973 and 
May, 1974,  i n d i c a t e d  t h a t  P l a t t e  and Loon Lakes a r e  modera te ly  
h a r d  w a t e r  l a k e s  w i t h  g e n e r a l l y  h e a l t h y  w a t e r  q u a l i t y  
c h a r a c t e r i s t i c s  (Tables  6 th rough 9 ) .  Both l a k e s  a r e  
m o d e r a t e l y  h a r d  ( t o t a l  a l k a l i n i t y  140-160 mg/R and s p e c i f i c  
conduc tance  229 - 318 L~mhos/cm a t  2 5 ' ~ ) .  D i s so lved  oxygen 
c o n d i t i o n s  were n e a r  s a t u r a t i o n  th roughou t  t h e  w a t e r  column 
i n  b o t h  l a k e s  d u r i n g  t h e  s t u d y  p e r i o d s .  Some oxygen d e -  
p l e t i o n  was r e c o r d e d  o n l y  from t h e  bot tom w a t e r s  of Loon 
Lake d u r i n g  May, 1974.  I t  i s  s u s p e c t e d  t h a t  t h i s  t r e n d  would 
c o n t i n u e  w i t h  oxygen d e p l e t i o n  o c c u r r i n g  th roughou t  t h e  
h y p o l i m n e t i c  w a t e r s  of Loon Lake d u r i n g  summer. N u t r i e n t  
c o n c e n - t r a t i o n s ,  a s  w e l l  a s  p h y t o p l a n k t o n  s t a n d i n g  c r o p s  
a s  measured by c h l o r o p h y l l  - a were modera te ly  low and 
g e n e r a l l y  i n d i c a t e d  t h a t  P l a t t e  and Loon Lakes a r e  i n  good 
w a t e r  q u a l i t y  c o n d i t i o n  (Tables  6 through 9 ) .  
A t o t a l  of  2 7  s p e c i e s  of  R o t i f e r a  and C r u s t a c e a  were 
r e c o r d e d  i n  t h e  zooplankton  of P l a t t e  Lake d u r i n g  t h e  s t u d y  
p e r i o d s ,  w h i l e  29 s p e c i e s  were observed  i n  Loon Lake (Table  3)  
S i n c e  t h e  two l a k e s  a r e  i n  c l o s e  p r o x i m i t y  t o  one a n o t h e r  
on t h e  same r i v e r ,  i t  i s  n o t  s u r p r i s i n g  t o  n o t e  t h a t  2 4  o f  
t h e s e  s p e c i e s  were common t o  b o t h  l a k e s .  Undoubtedly,  more 
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CHEMICAL AND CHLOROPHYLL ANALYSES AT A CENTRAL STATION IN 
PLATTE L A K E  D U R I N G  MAY, 1 9 7 4  
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mid-summer would have been a v a i l a b l e .  N e v e r t h e l e s s ,  some 
i n f e r e n c e s  t o  t h e  zooplankton  community s t r u c t u r e  and i t s  
r e l a t i o n  t o  w a t e r  q u a l i t y  can  be  made f o r  t h e  two l a k e s .  
P l a t t e  Lake was c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  23 
s p e c i e s  of zooplankton  i n  November, 1973 and 16 s p e c i e s  i n  
May, 1974 (Tab le  3 ) .  Twelve s p e c i e s  of R o t i f e r a  were 
c o l l e c t e d  d u r i n g  November, w h i l e  n i n e  were obse rved  i n  May. 
K e r a t e l l a  c r a s s a ,  K .  e a r l i n e a e ,  C o n o c h i l u s  u n i c o r n i s ,  
f j jnchaeta s t y l a t a ,  and s e v e r a l  s p e c i e s  of P o l y a r t h r a  
were predominant  i n  f a l l ,  w h i l e  F i l i n i a  l o n g i s e t a ,  
K .  e a r l i n a e ,  Y. q u a d r a t a ,  C .  u n i c o r n i s ,  and P. v u l g a r i s  
were most p r e v a l e n t  i n  s p r i n g .  F i l i n i a  l o n g i s e t a  and 
K .  q u a d r a t a  have been  r e p o r t e d  a s  i n d i c a t o r s  of e u t r o p h y  
( P e j l e r  1 9 5 7 ) .  The c r u s t a c e a n  z o o p l a n k t e r s  i n  P l a t t e  Lake 
were r e p r e s e n t e d  by e l e v e n  s p e c i e s  i n  November and s e v e n  
s p e c i e s  i n  May (Table  3 ) .  Calanoid  copepods were low i n  
2 d i v e r s i t y ,  w i t h  Epi schura  l a c u s t r i s  abundant  o n l y  d u r i n g  
B 
1 May. Cyclopoid  copepods were e q u a l l y  low i n  d i v e r s i t y  
w i t h  t h e  e u t r o p h i c  s p e c i e s  Cyc lops  v e r n a l i s  most p r e v a l e n t  
i n  b o t h  sampl ing  p e r i o d s .  T h i s  s p e c i e s  i s  c h a r a c t e r i s t i c  
of e u t r o p h i c  w a t e r s  th roughou t  t h e  G r e a t  Lakes r e g i o n .  Four 
l i m n e t i c  C ladoce ra  were c o l l e c t e d  from P l a t t e  Lake a l o n g  
w i t h  one l i t t o r a l  s p e c i e s ,  Alona r u s t i c a .  Bosmina l o n g i -  
r o s t r i s  and B l o p e d i u m  gibberurn were most abundant  i n  b o t h  
sampl ing  p e r i o d s .  Chydorus s p h a e r i c u s  was p r e s e n t  d u r i n g  
b o t h  sampling p e r i o d s .  High numbers of b o t h  B .  l o n g i r o s t r i s  
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and C. s p h a e r i c u s  a r e  o f t e n  i n d i c a t i v e  o f  e u t r o p h i c  con -  
d i t i o n s .  High abundance  of  o n l y  t h e  fo rmer  s p e c i e s  was 
r e c o r d e d  f o r  P l a t t e  Lake.  
The c o m p o s i t i o n  of  zoop lank ton  i n  Loon Lake was s i m i l a r  
t o  t h a t  i n  P l a t t e  Lake,  b o t h  i n  t e rms  o f  d i v e r s i t y  and r e l a t i v e  
abundance of s p e c i e s .  Those s p e c i e s  most abundan t  d u r i n g  
a  g i v e n  sampl ing  p e r i o d  i n  one l a k e  were  u s u a l l y  abundant  
a t  t h e  same t ime  i n  t h e  o t h e r  l a k e .  The o n l y  s i g n i f i c a n t  
e x c e p t i o n  was Cyc lops  v e r n a l i s .  T h i s  s p e c i e s  was p r e s e n t  
d u r i n g  b o t h  sampl ing  p e r i o d s  i n  Loon Lake,  b u t  Cyc lops  
b i c u s p i d a t u s  t h o m a s i  was more a b u n d a n t ,  e s p e c i a l l y  i n  May. 
A t r e n d  h a s  b e e n  n o t e d  i n  many l a k e s  where c a l a n o i d  
copepods a r e  more abundan t  r e l a t i v e  t o  d a d o c e r a n s  and 
c y c l o p o i d  copepods i n  o l i g o t r o p h i c  l a k e s .  C o n v e r s e l y ,  
c l a d o c e r a n s  and c y c l o p o i d  copepods become more abundan t  
r e l a t i v e - t o  c a l a n o i d  copepods i n  e u t r o p h i c  l a k e s  (G l iwicz  
1969 ;  Gannon 1 9 7 2 ) .  C a l a n o i d  copepods i n  b o t h  P l a t t e  and 
Loon Lakes were  s t r i k i n g l y  l e s s  abundan t  r e l a t i v e  t o  t h e  
o t h e r  m i c r o - c r u s t a c e a n  g roups  d u r i n g  b o t h  sampl ing  p e r i o d s .  
C o n s e q u e n t l y ,  b o t h  z o o p l a n k t o n  community s t r u c t u r e  and t h e  
p r e s e n c e  o f  i n d i c a t o r  s p e c i e s  s u g g e s t  t h a t  P l a t t e  and Loon 
Lakes a r e  t e n d i n g  toward  e u t r o p h y .  
Mud Lake --
U n f o r t u n a t e l y ,  Mud Lake h a s  n o t  been  mapped, s o  morpho- 
m e t r i c  d a t a  i s  u n a v a i l a b l e .  The l a k e  i s  a p t l y  named a s  i t  
i s  an  e x t r e m e l y  s h a l l o w  body of  w a t e r  w i t h  s i l t y  muds p r e -  
dominat ing  t h e  s e d i m e n t s .  Encroaching  swampland v e g e t a t i o n  
s u r r o u n d s  t h e  l a k e .  These f e a t u r e s  i n d i c a t e  t h a t  Mud Lake 
i s  i n  l a t e  s t a g e  hydrach  s u c c e s s i o n .  L i m n o l o g i c a l l y ,  Mud 
Lake i s  r a d i c a l l y  d i f f e r e n t  from P l a t t e  and Loon Lakes.  
A w a t e r  c h e m i s t r y  sample was o b t a i n e d  o n l y  from Mud 
Lake Creek a t  i t s  c o n f l u e n c e  w i t h  t h e  P l a t t e  R ive r  d u r i n g  
November, 1973. Chemical d a t a  o b t a i n e d  a t  t h i s  s t a t i o n  
a r e  n e a r l y  i d e n t i c a l  w i t h  t h o s e  o b t a i n e d  a t  a l l  lower  
P l a t t e  R ive r  s t a t i o n s ,  and o b v i o u s l y  r e f l e c t  mixing o f  
Mud Lake Creek and P l a t t e  R i v e r  w a t e r s  (Table  1 ) .  
A c e n t r a l  s t a t i o n  i n  Mud Lake was sampled d u r i n g  
May, 1974 (Tab le  2 ) .  The w a t e r s  of  Mud Lake a r e  l e s s  h a r d  
t h a n  a l l  o t h e r  lower P l a t t e  R ive r  s t a t i o n s  i n c l u d i n g  P l a t t e  
and Loon Lakes.  The s h a l l o w  w a t e r s  of  t h e  l a k e  were s u p e r -  
s a t u r a t e d  w i t h  d i s s o l v e d  oxygen undoubtedly  due t o  phy to -  
p l a n k t o n  p h o t o s y n t h e s i s .  A l k a l i n i t y  and s p e c i f i c  conduc tance  
were a p p r o x i m a t e l y  63% and 5 8 %  lower i n  Mud Lake compared 
t o  o t h e r  s t a t i o n s .  N u t r i e n t  c o n c e n t r a t i o n s  were a l l  lower  
i n  Mud Lake t h a n  i n  o t h e r  s t a t i o n s .  Swamp v e g e t a t i o n  
s u r r o u n d i n g  t h e  l a k e  l i k e l y  a c t s  a s  a  f i l t e r  by t a k i n g  up 
n u t r i e n t s  from w a t e r  s e e p i n g  i n t o  t h e  l a k e  from i t s  
s u r r o u n d i n g  w a t e r s h e d .  
Zooplankton compos i t ion  i n  Mud Lake was c o n s i d e r a b l y  
d i f f e r e n t  from t h a t  found i n  P l a t t e  and Loon Lakes (Tab le  3 ) .  
S i n c e  Mud Lake i s  s o  s h a l l o w ,  a  t r u l y  l i m n e t i c  zone i s  
a lmos t  n o n - e x i s t e n t .  Consequen t ly ,  e u l i m n e t i c  z o o p l a n k t e r s  
a r e  p o o r l y  r e p r e s e n t e d  i n  t h e  l a k e .  Only s i x  s p e c i e s  of 
r o t i f e r s  were r e p o r t e d , w i t h  KerateZZa c o c h l e a r i s  and 
a n c h a e t a  s t y l a t a  most abundan t .  The e u t r o p h i c  i n d i c a t o r  
K .  q u a d r a t a  was a l s o  p r e s e n t .  F i f t e e n  s p e c i e s  of mic ro -  
c r u s t a c e a n  zoop lank ton  were obse rved  i n  t h e  l a k e ,  b u t  
s e v e r a l  of t h e s e  a r e  l i t t o r a l  forms u s u a l l y  c o l l e c t e d  
o n l y  i n c i d e n t l y  i n  open w a t e r .  Diaptomus r e i g h a r d i ,  a  
c a l a n o i d  copepod common i n  t h e  e u t r o p h i c  w a t e r s  of  w e s t e r n  
Lake E r i e ,  was t h e  most p r e v a l e n t  c a l a n o i d  copepod i n  Mud 
Lake. Four s p e c i e s  of c y c l o p o i d  copepods i n c l u d i n g  t h e  
e u t r o p h i c  i n d i c a t o r  C y c l o p s  v e r n a l i s  were p r e s e n t ,  b u t  a l l  
were  i n  low numbers.  Bosmina Z o n g i r o s t r i s  was t h e  most 
abundant  c l a d o c e r a n .  Undoubtedly more s p e c i e s  of  R o t i f e r a  
and C l a d o c e r a  would have been  r e p o r t e d  f o r  t h i s  l a k e  i f  t h e  
l i t t o r a l  v e g e t a t i o n  had been  sampled.  
CRITIQUE OF THE MASTER PLAN --
The second  o b j e c t i v e  of ou r  s t u d y  was t o  c r i t i q u e  
t h e  o r i g i n a l  Master  P l a n  f o r  development  of  t h e  S l e e p i n g  Bear  
Dunes N a t i o n a l  Lakeshore ( N a t i o n a l  Park  S e r v i c e  1 9 7 0 ) .  
Comments which f o l l o w  a r e  based  upon o u r  i n v e s t i g a t i o n s  and 
o b s e r v a t i o n s  of t h e  i n l a n d  a q u a t i c  r e s o u r c e s  i n  t h e  S l e e p i n g  
Bear Dunes r e g i o n .  
A l l  l a k e s  and r i v e r s  s h o u l d  n o t  be  t r e a t e d  t h e  same 
i n  te rms o f  t h e i r  p o t e n t i a l  t o  w i t h s t a n d  human development .  
Some w a t e r  b o d i e s  a r e  more s e n s i t i v e  t o  human development  
t h a n  o t h e r s .  Those l a k e s  and r i v e r s  deemed s e n s i t i v e  t o  
development  s h o u l d  b e  managed s o  t h a t  minimal  human impact  
o c c u r s .  Wise development  o f  t h e  r e g i o n  s h o u l d  p r o c e e d  
on t h o s e  w a t e r  b o d i e s  which a r e  deemed l e a s t  s e n s i t i v e  t o  
change by human impac t .  
The d e g r e e  of s e n s i t i v i t y  of  a  w a t e r  body t o  a d v e r s e  
change by human impact  i s  n o t  s i m p l e  t o  d e t e r m i n e .  A l l  
l a k e s  and s t r e a m s  a r e  d i f f e r e n t  i n  many s u b t l e  ways,  j u s t  
a s  each  human b e i n g  i s  u n i q u e l y  d i f f e r e n t  from a l l  o t h e r s .  
The metabol i sm of l a k e s  and s t r e a m s  i s  an i n t e g r a t i n g  
f u n c t i o n  of a l l  p h y s i c a l ,  c h e m i c a l ,  and b i o l o g i c a l  f a c t o r s  
o p e r a t i n g  w i t h i n  t h e  sys t em.  S e n s i t i v i t y  must be  d e t e r m i n e d  
from d e t a i l e d  s t u d i e s  on t h e  l imnology of  t h e  w a t e r  body 
i t s e l f ,  coup led  w i t h  knowledge of  w a t e r s h e d  c h a r a c t e r i s t i c s .  
The b o u n d a r i e s  of  t h e  w a t e r s h e d ,  a s  w e l l  a s  s o i l  t y p e s ,  
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land-use patterns, and human population characteristics 
within the watershed must be determined. 
The aquatic resources within the lakeshore boundary 
consist of one river, one creek, and two small lakes. The 
total surface area of these lakes and streams is small in 
comparison to the land area within the lakeshore boundary. 
In general, water quality of these aquatic resources is 
good. Wise planning is essential to the preservation of 
good water quality in the face of increasing human use of 
the region. 
Knowledge of soil types in lake and stream watersheds 
has become a valuable land-use planning tool in recent years. 
Soil characteristics are often more important than geographic 
location in planning a development. Some soils have moderate 
to severe limitations for many recreational uses. Soils 
with steep slopes (greater than 12 percent) have high 
potential for erosion. Soils that are saturated with water 
for long periods of time exhibit slow permeability rates 
and slow drainage rates which place severe limitations on 
development. Disposal of domestic sewage is commonly attempted 
using on-lot soil absorption fields which function as reverse 
drains or subsurface irrigation systems. Some soils are 
capable of handling excess water from drain fields and 
others cannot. Construction of sewage disposal systems 
without prior soil evaluation can often cause serious health 
and environmental problems (Bartelli -- et 31. 1966). Soil 
information as well as current water quality data should 
be consulted when planning any development adjacent to lakes 
and streams in the Sleeping Bear Dunes National Lakeshore. 
It is important to reiterate here that only seven 
percent of the surface area of the Platte River watershed 
lies within the lakeshore boundary. The preservation of 
long-term environmental quality in the Sleeping Bear Dunes 
region will depend on wise land-use planning not only 
within the Lakeshore boundary, but throughout Renzie County 
as well. National Park Service personnel should be encouraged 
to cooperate with stateand county natural resource managers 
in developing environmentally sound land-use planning 
policies in the Platte River watershed. 
Water quality on the lower Platte River depends largely 
upon the quality of water in Platte Lake. Because of its 
large surface area, large volume,and rapid flushing charac- 
teristics, Platte Lake is currently in good water quality 
condition in spite of heavy second home development on its 
shores. The National Park Service should cooperate with 
Michigan Department of Natural Resources personnel in 
maintaining a water quality monitoring program on Platte 
Lake in order to detect early sign of incipient eutrophication. 
The lower Platte River is one of the prime aquatic 
attractions in the Sleeping Bear Dunes region. The semi-wild 
character of the river must be maintained while providing 
recreational facilities for park visitors. Plans for 
expanding t h e  Benzie  S t a t e  Pa rk  a r e a  shou ld  b e  viewed w i t h  
c a u t i o n .  S o i l  c o n d i t i o n s  i n  t h a t  r e g i o n  mav l i m i t  expans ion  
of e n v i r o n m e n t a l l y  sound development t h e r e .  Canoe t r i p s  
from t h e  M - 2 2  highway b r i d g e  p r o b a b l y  s h o u l d  be c o n t i n u e d .  
The u s e  of  canoes  on t h e  r i v e r  s h o u l d  be m o n i t o r e d ,  
however ,  t o  d i s c e r n  t h e  need f o r  p o s s i b l e  l i m i t a t i o n s  on t h e  
number of  canoes  on t h e  r i v e r  a t  any g i v e n  t ime .  I t  i s  w e l l  
known from e x p e r i e n c e s  on o t h e r  p o p u l a r  Yich igan  canoe ing  
r i v e r s  t h a t  b o t h  t h e  q u a l i t y  of  t h e  r e c r e a t i o n a l  e x p e r i e n c e  
and t h e  envi ronment  s u f f e r  when t o o  many canoes  a r e  used  on 
a  s h o r t  s t r e t c h  of  r i v e r  a t  t h e  same t i m e .  
The p o t e n t i a l  f o r  development around Mud Lake i s  poor  
due t o  wet  s o i l  c o n d i t i o n s .  C o n s i d e r a t i o n  s h o u l d  be g i v e n  
t o  managing Mud Lake a s  a  n a t u r a l  a r e a .  Development of  
p i c n i c  grounds  on t h e  s h o r e  o f  Mud Lakemaybe d e s i r a b l e .  
The l a k e  i s  t o o  s m a l l  and s h a l l o w  f o r  m o t o r b o a t s ,  b u t  i t  
i s  p r e s e n t l y  a  p o p u l a r  s o j o u r n  f o r  c a n o e i s t s  on t h e i r  way 
downr iver  from t h e  M - 2 2  highway b r i d g e .  The canoes  e n t e r  
Mud Lake from P l a t t e  R ive r  by way of  Mud Lake Creek and e x i t  
t h e  same way. I f  t h e r e  were p i c n i c  grounds c o n s t r u c t e d  on 
t h e  s o u t h e a s t  s h o r e  of t h e  l a k e ,  i t  would g r e a t l y  enhance 
t h e  r e c r e a t i o n a l  p o t e n t i a l  of  t h e  a r e a .  With t h e  p r e s e n c e  
of  Lake Michigan Road a long  t h e  e a s t e r n  edge of Mud Lake,  
t h e  p i c n i c  a r e a  would s e r v e  t h e  needs of b o t h  w a t e r  and 
l a n d  t r a v e l e r s .  
Water q u a l i t y  i n  Loon Lake i s  good and i s  expec ted  t o  
remain s o  because  of  t h e  r a p i d  f l u s h i n g  c h a r a c t e r i s t i c s  o f  
t h i s  s m a l l  l a k e  on t h e  P l a t t e  R i v e r .  Loon Lake has  e n c r o a c h i n g  
s h r u b s  and swampy v e g e t a t i o n  u n s u i t a b l e  f o r  development a round 
most o f  i t s  s h o r e s .  The o n l y  e x c e p t i o n  i s  a long  t h e  s o u t h e r n  
s h o r e  where a  number of c o t t a g e s  o c c u r .  Th i s  a r e a  would be  
an e x c e l l e n t  p i c n i c  grounds w i t h  a  p u b l i c  a c c e s s  s i t e .  The 
a c c e s s  s h o u l d  n o t  have a  v e h i c l e  ramp, b u t  s h o u l d  accomodate 
c r a f t  t h a t  can  be  c a r r i e d  down t o  t h e  w a t e r .  T h i s  would 
encourage  s m a l l  b o a t  u s e  on Loon Lake f o r  f i s h i n g  and r educe  
l a r g e r  m o t o r c r a f t  u s e  on t h e  l a k e  and a d j a c e n t  s t r e t c h e s  
of  r i v e r .  
Heavy r e c r e a t i o n a l  p r e s s u r e  from f i s h i n g ,  p i c n i c k i n g ,  
and swimming has  focused  on t h e  P l a t t e  R ive r  mouth f o r  many 
y e a r s  and w i l l  undoubtedly  c o n t i n u e .  The n a t u r a l  r e s o u r c e  
manager w i l l  have a  d i f f i c u l t  t a s k  i n  t r y i n g  t o  p r o v i d e  
adequa te  r e c r e a t i o n a l  f a c i l i t i e s  i n  t h i s  r e g i o n  w h i l e  s t i l l  
m a i n t a i n i n g  t h e  b e a u t i f u l  b u t  e n v i r o n m e n t a l l y  f r a g i l e  i n t e g r i t y  
of  t h e  r i v e r  mouth. The o r i g i n a l  Master  P l a n  ( N a t i o n a l  Pa rk  
S e r v i c e  1970) c a l l e d  f o r  a mar ina  and p a r k i n g  l o t  complex 
i n  t h i s  a r e a .  The S t a t e  Department of  N a t u r a l  Resources  
a t t e m p t e d  t o  deve lop  a  mar ina  and p a r k i n g  l o t  f o r  400 c a r s ,  
b u t  t h e  p l a n  was abandoned i n  t h e  f a c e  of  p u b l i c  o p p o s i t i o n .  
The r i v e r  mouth s h o u l d  c o n t i n u e  t o  be  managed a s  a  p u b l i c  
a c c e s s  s i t e  f o r  motorboats  and a s  a  t a k e - o u t  p o i n t  f o r  c a n o e s .  
Swimming and p i c n i c  f a c i l i t i e s  s h o u l d  b e  expanded. However, 











